Background-Large bowel anastomotic breakdown occurs as a result of perianastomotic ischaemia. Preservation of the macroscopic arterial supply to the perianastomotic tissues is vital, but little is known about the influence of microvascular disease on anastomotic healing.
arterial supply to the cut ends of the bowel at operation. Comparatively little attention has focused on the state of the microvasculature of the large bowel and the possible consequences of intimal disease in the vessels of the bowel wall, and whether the same risk factors that predispose to peripheral arterial disease may also be associated with colonic microvascular disease.
Atherosclerotic disease in the large visceral arteries is comparatively common. Derrick et al found evidence of disease in 44 per cent of the coeliac arteries and 37 per cent of the superior mesenteric arteries in a series of 74 necropsy specimens.9 Such disease contributes little in terms of morbidity and mortality, however, when compared with similar disease in the coronary and cerebral circulations, principally because of the effectiveness of the collateral circulation established in the colonic wall and mesentery. But disease found more distally in the circulation, about which there are few published data, may have a significant effect on blood flow in the wall of the bowel, particularly after surgical procedures in which the collateral channels may be interrupted.
Serotonin is a vasoactive amine derived from tryptophan and stored in the bowel mucosa and circulating platelets. In physiological doses, and in the presence of an intact, functional endothelium, serotonin causes relaxation of vascular smooth muscle.10 This effect is brought about by stimulation of a specific (S1) receptor on the endothelial cell membrane, which leads to the release of an endothelium derived relaxing factor (EDRF), now known to be nitric oxide, which diffuses into the underlying smooth muscle and stimulates relaxation. In the presence of a diseased endothelium, however, vasoconstriction occurs in response to serotonin. This is thought to occur because the diseased endothelium no longer acts as a diffusion barrier to the serotonin, which can thus pass across the endothelium to directly stimulate a second class of serotonin receptor (S2) on the membrane of the smooth muscle cells, leading to vasoconstriction. Retrospective survey The notes of all patients who had undergone these procedures were carefully studied, and their demographic details recorded on a pro forma (Table I) .
Patients smoking at the time of admission and those who had smoked for in excess of 25 years before giving up were classed as smokers.
The hypertensive and diabetics in the study were those patients receiving active treatment for their condition. Histories of ischaemic heart disease were validated as far as possible by inspection of electrocardiographic changes and recorded cardiac enzyme changes. If a leak was suspected on clinical grounds and then confirmed radiologically, it was classed as a clinical leak. Only those leaks identified by a contrast study performed as a routine postoperative check and in the absence of clinical signs of leakage were classed as radiological leaks.
Histopathological assessment
The resection specimens of each patient identified in this study were then subjected to a blinded, histological assessment of small vessel disease in the colonic wall, by an experienced pathologist. Colonic resection specimens were formalin fixed and paraffin wax processed with routine sections being taken for haematoxylin and eosin staining. A minimum of two sections of the anastomotic margins were examined under light microscopy. Vessels were examined in the all layers of the bowel wall. Pathological changes recorded included primary pathology and vessel wall changes of atherosclerotic disease, namely intimal hyperplasia, tunica media degeneration, and atherosclerotic plaque formation, including percentage luminal occlusion (<25, 25-50, >50 per cent).
The presence of small vessel disease was correlated with the expression of macrovascular (MAVD) risk factors by each patient. The incidence of small vessel disease in those patients who developed anastomotic dehiscence was compared with that seen in the remaining patients whose anastomoses healed uneventfully.
Statistical analysis Simple x2 analysis was used to test the correlations between the presence of macrovascular disease risk factors, the existence of microvascular disease, and the incidence of anastomotic dehiscence. The same analysis was used when comparing the results of the anastomotic leak group to the remainder of the study patients.
Results
Operation details (Table II) The notes of 147 patients were reviewed. Altogether, 12 anastomotic leaks were identified. Six of these were clinical leaks, which were later confirmed at a second laparotomy, and the remaining six were radiological and required no further surgical intervention. Of 80 men studied, eight (100/o) were found to have developed a leak, compared with four of 67 women (6% 
sutured. An all-coats technique was used in all the handsewn anastomoses identified in this study.
Dehiscence was noted in eight of 88 (9 1/%) consultant operations, four of 42 (9.5%) senior registrar operations, and 0 of 17 registrar operations.
Primary pathology (Table III patients with intact anastomoses (29.6%) (p<0005). Six (50%) of those who developed anastomotic dehiscence were hypertensive, compared with only 27 (20%) of those who did not, which again was statistically significant (p<0025). No significant association was seen between the incidence of dehiscence and a history of diabetes or ischaemic heart disease.
Of the 63 patients in this study who did not exhibit any of the four macrovascular risk factors, none suffered anastomotic breakdown. Nine of 68 patients with one risk factor leaked; two of 15 patients with two risk factors leaked, and the only patient in the study with three risk factors also developed dehiscence (Table IV) .
Macrovascular disease risk factors and microvascular disease Figure 2 shows the relation between the incidence of macrovascular disease risk factors and the presence or absence of microvascular disease.
Smoking and hypertension in particular were associated with a significantly increased incidence of small vessel disease (p<0.005 and p<0025 respectively, x2 test).
No significant correlation between ischaemic heart disease and the presence of small vessel disease was seen. Interestingly the data actually suggest a decreased incidence of small vessel disease in patients with diabetes compared with non-diabetics. from intimal hyperplasia alone to atherosclerotic plaque formation. Comparison of the resection specimens of the patients who developed an anastomotic leak to those of the remaining patients showed that microvascular disease was significantly more common in the leak group in the serosal layer of the colon (p<0 025). Only 10 (6X8%) patients had evidence of significant disease in their submucosal vessels. No significant statistical links were seen between the degree of occlusion caused by the disease and the incidence of dehiscence (Fig 3) .
Discussion
This study clearly defines an association between the macrovascular disease risk factors smoking and hypertension and the presence of microvascular disease in the colon. It also shows that microvascular disease is associated with anastomotic dehiscence, and that such disease is seen mainly in the vessels of the serosal layer.
Obviously the retrospective nature of the study reduces the impact of these results, as vital information concerning the anastomosis was often incomplete. For example, the height of the anastomosis above the anal verge after anterior resection, a factor acknowledged to be of paramount importance, was only recorded in the operation notes in seven of 60 procedures performed. If there were any discrepancy regarding this parameter among the small groups in this study, the results obtained would be less convincing.
This study emphasises the importance of the colonic microcirculation in anastomotic healing. It is interesting to note that microvascular disease was seen most frequently in the serosal layer, though the commonly held belief is that the submucosa is the key tissue layer in anastomotic healing. Whether these data challenge this view is open to debate. As the submucosa derives its blood supply from the serosal plexus, proximal disease may adversely affect submucosal perfusion. The adequacy of submucosal perfusion may still remain the critical factor in predicting anastomotic failure.
A diseased microcirculation will probably lead to poor wound healing as blood flow is reduced, partly because of the physical narrowing of the vessel, and possibly also partly because of the changed responsiveness of the vessel wall to certain vasoactive agents such as serotonin. As it has been shown that plasma serotonin concentrations are raised in smokers, hypertensives, and during surgery, this amine may be playing a crucial part in the development of anastomotic ischaemia.
From our study it has been shown that smokers and hypertensives will probably have small vessel disease. Subsequent studies have also shown that these patients have reduced colonic wall perfusion.'6 This would lead us to suggest that the surgeon should have a lower threshold for using a proximal diversion in patients who have hypertension or those who smoke. Such a manoeuvre would lessen the mortality and morbidity associated with anastomotic dehiscence should it occur. Furthermore, as a diseased microcirculation is hypersensitive to serotonin, the pharmacological blockade of the smooth muscle mesenteric vessel response to serotonin using a specific serotonin receptor (S2) antagonist may be of value in preserving microcirculatory flow, essential to the anastomotic healing process. A prospective, randomised double blind trial entailing the administration of such an antagonist to patients undergoing colorectal resection and anastomosis is now underway to further explore this hypothesis.
